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Sustainable Development

The use of ecosystems and their 
resources in a manner that satisfies 
current needs without compromising 
the ability of future generations to 
meet their needs.



Definition of sustainable 
agriculture

• "A sustainable agriculture is one that, over the 
long-term, enhances environmental quality and 
the resource base on which agriculture 
depends; provides for basic human food and 
fiber needs; is economically viable and 
enhances the quality of life for farmers and 
society as a whole" (FAO, 1989).



Sustainable Agriculture Goals

• Environmental Health
• Economic Profitability
• Social and Economic 

Equity



Sustainable agriculture as a set of practices.
An approved set of “sustainable practices” is defined. 

Practices are chosen by their ability to maintain production 
while limiting environmental impact.

• These often include:

• Biological or organic pest controls
• Organic Soil Amendments
• Low stocking rates for animals
• Integrated Pest Management
• Conservation Tillage Practices



A Rapid, Farmer-Friendly 
Agroecological

Method to Estimate Soil 
Quality and Crop

Health in Vineyard Systems



A practical methodology to rapidly assess the soil 
quality and crop health of vineyard systems using simple 
indicators.
The indicators were selected because:
• they are easy to use by farmers
• they are relatively precise and easy to interpret
• they are practical for making new management decisions
• they are sensitive enough to reflect environmental changes 
and the effects of management practices on the soil and the 
crop
• they possess the capability of integrating physical, chemical 
and biological properties of the soil
• they can relate to ecosystem processes, for example the 
relationship between plant diversity and pest population 
stability and/or disease incidence











Life Cycle Assessment 

• A product's life cycle starts when raw materials 
are extracted from the earth, followed by 
manufacturing, transport and use, and ends with 
waste management including recycling and final 
disposal. At every stage of the life cycle there are 
emissions and consumption of resources. The 
environmental impacts from the entire life cycle 
of products and services need to be addressed. To 
do this, life cycle thinking is required. 



The International Organization for Standardization 
(ISO),  a world-wide federation of national 
standards bodies, has standardized this framework 
within the ISO 14040, 1997 series on LCA. 

Life Cycle Assessment 
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Life cycle thinking and
 Life Cycle Assessment...

• can help to avoid solving one problem while 
creating another.

• can help reduce the quantities of waste, 
associated environmental and health impacts, 
and the indirect costs associated with these 
impacts that are borne by society. 

• can be a support in, but not a replacement for, 
decision making



Main issues in LCA
• The context of the study

• What decision is to be informed by the study ?
• What is the scale of the different options ? 

• Environmental impacts of concern 
• What impacts are of concern - What impacts are not 

important ? 
• How important is one impact compared to another ? 

• The design of the scenarios and technical system models
• Accounting model or Consequence model ?
• Marginal changes or Large-scale changes (“affecting 

infrastructure”) ?
• Allocation (Distribution of impacts in processes providing 

several functions) ?
• Data for processes

• Specific, Average, Marginal, Typical, Future ? 
• Availability ?



Life Cycle Assessment 

• Life Cycle Assessment (LCA) is a tool for the 
systematic evaluation of the environmental 
aspects of a product or service system through 
all stages of its life cycle. LCA provides an 
adequate instrument for environmental 
decision support. Life cycle assessment has 
proven to be a valuable tool to document the 
environmental considerations that need to be 
part of decision-making towards sustainability. 



How to do LCA

1.Determine scope and system boundaries
– functional unit
– life-cycle stages
– define “unit processes”

2.Data collection
3.Analysis of inputs and outputs
4.Assessment of numerous environmental issues
5. Interpretation



LCA in Agriculture
Life-cycle analysis is a technique that assesses the 
environmental impacts throughout the entire 
farming system. 
Each step of the process is considered including the 
inputs of materials, on-farm activities plus the use 
of the end products and disposal of waste materials. 
Outputs can be expressed per unit of production or 
land used, reflecting the dual nature of farming, 
production and occupancy of land.
Usually cradle-to-farm gate analysis instead of a 
cradle-to-grave



LCA consists of four phases:
(1) Goal and scope definition, in which the intended 
application as well as the extent of the study has to be clearly 
exposed.

• Functional unit

• System boundaries

(2) Inventory analysis (LCI), where information about the 
product system is gathered and relevant inputs and outputs 
are quantified.

(3) Impact assessment (LCIA), which converts the flows from 
the inventory into indicators related to the potential 
associated impacts.

(4) Interpretation, where the findings of the two previous 
steps are combined and evaluated to meet the previously 
defined goals of the study.



The general life cycle impact assessment procedure



System boundary, relevant in- and outputs, and functional unit of a wheat production system



Indicators of farm (agroecosystem) 
sustainability. 

 Such an indicators would enable:

• Policy makers to support sustainable farm 
operations through legislation.

• Consumers to support sustainable farm 
operations through purchases.

• Farmers to analyze and address the 
sustainability of their own operations.



The crafting of indicators:

• $ According to Costanza and Patten(1995:194), 
"What passes as definitions of sustainability 
are often predictions of actions taken today 
that one hopes will lead to sustainability."

• The same is true of indicators.

• Any present measurement is at best a 
prediction of sustainability.



Elements of a good indicator:

• System oriented
• Quantitative
• Predictive
• Stochastic
• Diagnostic (Hansen, 1996)
• Readily measurable (Rigby, 2001)



Productivity as an Indicator 
of Sustainability

• A farm or agroecosystem is first and foremost a 
system of production.

• A system of production has the goal of 
converting inputs into desirable outputs.

• Any definition of agricultural sustainability 
must ultimately focus on the ability to produce.

• Three measurements of productivity: 
• Biological (biomass)
• Economic (dollars)
• Ecological Economic (true costs)
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Impacts of concern - 
Effects often considered in LCA

Reasonable 
consensus exists 

Several different 
modeling approaches 

exist, if at all
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Life Cycle Assessment Phases
- based on ISO 14040



Life Cycle Assessment 
Impact categories



Climate Change

• Caused by changes in the chemistry of the 
atmosphere, causing heat retention

• Primary problem is excess of CO2, Methane 
and Nitrous Oxide, also some industrial 
chemicals

• Agriculture increases greenhouse gases by 
converting soil carbon into CO2, and by high 
releases of Methane and Nitrous Oxide from 
ruminants and from anaerobic treatment of 
manure, and by burning fossil fuel



Global Warming Potential (GWP)

Different gases have different Global Warming Potential 
(GWP): The potency of a greenhouse gas is referred to as its 

global warming potential. The common unit is referred to as a 
carbon dioxide equivalent or CO2 eq.

  carbon dioxide (CO2) =       1 CO2 eq 
            methane (CH4) =     23 CO2 eq 
     nitrous oxide (N2O) =   310 CO2 eq

To convert tons of methane to CO2 eq, simply multiply by 23.



Stratospheric Ozone 
Depletion

• The “hole” in the ozone layer
• Caused by release of freons and other industrial 

chemicals and some pesticides such as methyl 
bromine

• Management of refrigeration and pesticides 
needed to reduce this effect



Acidification
• “Acid Rain” comes from all burning, including 

internal combustion engines and diesel engines. It 
also can come from ammonia releases from 
manure lagoons

• Affects areas downwind if they have soils poor in 
lime and other neutralizing minerals: kills trees 
and water bodies 

• Effects usually within 1000 miles downwind
• It is measured as kg SO2-equivalent.

• Sulphur dioxide (SO2) = 1 SO2-equivalent
• Nitrogen oxides (NOx) = 0.7 SO2-equivalent
• Ammonia (NH3) = 1.88 SO2-equivalents



Eutrophication
• Over-growth of algae in water, e.g. pond scum.
• Changes aquatic ecosystems and kills fish, a threat to 

biodiversity
• Caused by nutrients released into the land and air– 

effects can be thousands of miles away or local.
• Manure lagoons and burning of fossil fuels are primary 

sources
• It is measured as kg PO4-equivalent.
• Phosphate (PO4) =                1 PO4-equivalent
• Nitrates to water (NO3) = 0.1 PO4-equivalent
• Ammonia (NH3) =            0.33 PO4-equivalents



Photochemical Smog

• Ozone and other nasty chemicals in the air we 
breathe

• Caused by oxides of nitrogen and volatile 
organic matter in sunlight

• Burning fossil fuels primary agricultural source
• Effects local or within a few hundred miles 

downwind



Air Toxics and Water Toxics

• Injures people, animals and plants through 
direct toxic effects

• Primary agricultural sources are nitrates from 
manure and over-fertilization, pesticides and 
the effects of burning fossil fuels

• Measured by looking at toxic strength and 
persistence



Resource Depletion

• Water
• Fossil Fuels
• Minerals (e.g. phosphate minerals)
• Water is renewable, but fossil fuels and 

minerals are not
• Depletion is the rate of excess use over 

reserves



Soil Conservation

• Basis of sustainable agriculture
• Controlled by tillage practices, e.g.

• Contour plowing
• No-till or low-till methods
• Increasing organic matter in the soils through 

incorporating crop residues or other methods
• Rainfall also an important determinant



Land Use/Biodiversity

• Probably biggest impact of agriculture
• Direct replacement of natural ecosystems with 

crops
• Degree of impact based on fragmentation, and 

impacts on land/water interface
• Some ecologies especially fragile/rare/

important



Antibiotic Resistance

• Human antibiotics used in animals creates a 
large genetic pool of resistance

• Bacteria exchange genetic resistance across 
species

• Resistance passes to human pathogens, making 
antibiotics useless

• Problem has already killed people 



Biohazard

• Transfer of disease from animal to animal and 
animal to human, like antibiotic resistance

• Can be caused by using meat byproducts in 
feed

• Inadequate sanitary measures also a potential 
problem

• Crowding is important issue



Hormone Use

• Hormone use has negative effect on health of 
animals

• Quality of meat may be affected (though the 
jury is still out on this)

• Fears of hormone residues in meat leading to 
human health issues

• Clear market signals to avoid use of hormones



Agricultural Activities

• Tillage
• Planting
• Fertilizing
• Pest Control
• Irrigation
• Cultivation
• Harvesting

•Feeding
•Veterinarian
•Manure Management
•Processing & Maintenance
•Transport



On-Farm Environmental 
Aspects

•Use of GMO’s
•Use of antibiotics
•Releases from lagoon or 
manure pile
•Use of freons
•Use of toxic chemicals 
•Use of purchased feeds
•Use of meat by-products

• Burning fossil fuels
• Physically changing soil 

structure
• Removing/restoring native 

habitat
• Use of N,P,S,K
• Use of Pesticides 
• Use of water
• Use of electricity



LC Impact assessment
Inventory

parameters

SO2
NOx
HCl
etc.

NOx 
NH3

P
etc.

CO2
CO
CH4
N2O
etc.

”Acidification”

”Eutrophication”

”Global warming”

Classification / characterisation

“Midpoint effects”



Approaches to weighting
• Expert panels

• Consensus process / voting etc.
• For the given study / given circumstances

• Relating to environmental standards
• National political targets
• Ecological targets / Acceptable damage levels

• Monetisation
• Costs to society for damages caused
• Willingness to pay / Costs to society for avoiding damages



Assessing the ecological
soundness of organic and

conventional agriculture by
means of life cycle assessment
(LCA): A case study of leek 

production

Eline de Backer, Joris Aertsens, Sofie Vergucht and
Walter Steurbaut

Faculty of Bioscience Engineering, Ghent University, Ghent, 
Belgium



Impact categories



Impact categories







Comparison of the impact of 1 kg of organic 
and conventional leek production



Comparison of the impact of 1 kg of organic and
conventional leek production



Comparison of the impact of 1 m2 of organic 
and conventional leek production





Contribution of farming activities (in %) to the environmental impact indicators, 
for the production of conventional leek



Contribution of farming activities (in %) to the environmental impact indicators, 
for the production of organic leek



The choice of the functional unit
• The impact assessment is largely dependent on the 

choice of the FU, which should be related to the main 
functions assigned to the farming system and the 
objectives of the evaluation 

• When the FU is per kg production both the production 
efficiency and the environmental impact are considered. 

• When the focus is on the environmental impact in a 
local area, the FU per area production, is more 
appropriate. 

• The influence of the choice of FU is very important 
when comparing systems with different levels of 
productivity per ha, such as conventional and organic 
farming



• This study shows that when assessed on area basis organic 
farming shows a more favourable environmental profile. 

• Suggested improvements for conventional farming are 
improving the farm nutrient flows in order to reduce nutrient 
surplus, optimizing the energy and fuel use, increasing its self-
supporting capacity and reducing the use of toxic pesticides. 

• Since the yields obtained by organic farming are lower compared 
with conventional farming, the overall environmental benefits 
are strongly reduced or even disappear after correcting for these 
lower produced quantities per hectare. Therefore, more research 
should be done on how the yields in organic farming can be 
substantially increased without increasing the environmental 
burden.

• This LCA study only highlights the ecological aspect of 
sustainability. To get an overall picture of the sustainability of 
organic and conventional farming, social and economical aspects 
should also be taken into consideration.



Comparing intensive, extensified and organic grassland 
farming in southern Germany by process life cycle 

assessment
G. Haas et al. / Agriculture, Ecosystems and Environment 83 (2001) 43–53





Biodiversity Indicators















Comparing Environmental Impact of 
Farming System

Dairy-Grassland-Farms in the
Allgäu Region (mean of 6 each)





First Life Cycle Assessment 
of milk production in New 

Zealand



NZ Agriculture and LCA

• Current situation: 
• A dynamic and autonomous sector compared to agriculture in 

Europe, focused on exportation
• High level of requirement on the environmental performance 

of NZ farming systems (preserving NZ sensitive ecosystems 
and marketing advantage on the world market)

• Trends
• Intensification of farming systems to increase milk production

• LCA
• A tool for strategic decisions for both farmers, politics and 

researchers



Why Life Cycle Assessment?
• From the process-oriented approach to the 

product-oriented one…
• Take the problem more globally
• Over the whole life cycle of a product
• global and regional impacts

• Life Cycle Assessment recommended by EU and 
UN

• LCA has been applied to a range of agricultural 
products during the last ten years (milk, pig, beef, 
fish, wheat, chicken, apple, wine….)



1st step: goal and scope of the 
study

• Produce a complete picture of the 
environmental performance of NZ milk 
production compared with European 
systems

• Average NZ scenario of milk production: 
national statistics 



Technical description of the 
NZ milk production scenario

Dairy farm Data Reference
Area (ha) 111 LIC, 2003

Cows 285 LIC, 2003
Stocking rate (max cow/ha/year) 2.7 Dexcel, 

2004Milk solids (kg/ha/year) 828 LIC, 2003
N fertilizer use (kg/ha/year) 110 Dexcel, 

2004P fertilizer use (kg/ha/year) 51 Dexcel, 
2004Pasture dry matter intake (kg 

DM/ha/year)
10189 OVERSEE

R®Maize silage and forage (kg DM/
ha/year)

931 Dexcel, 
2004



1st step: goal and scope of the 
study

• Limits of the system: “from cradle to gate”



1st step: goal and scope of the study

• Limits of the system: “from cradle to gate”

• Functional unit: 
• 1 kg of milk
• 1 ha of surface used



2nd step: inventory analysis of resources used and 
emissions

1 kg
milk

Meat

Farm level

Milk 
Extraction

Farm Dairy Effluent

Herd management

Pasture production

Off-farm 
grazing

of heifers

Off-farm 
Maize silage

Off-farm level

Fertilizers

Pesticides

Capital

Electricity

Diesel

Input 
production

Extraction 
and delivery 

of 
raw materials

and
 energy

resources

R

E



3rd step: impact assessment

Product systemResources
consumed

Emissions

Global Warming Potential
CH4

N2O

CO2

Acidification
SO2

NH3

Eutrophication

PO4

NH3

NO3

Oil

Coal

Natural gas

Non-renewable
energy resources x 21

x 1

x 310

= A CO2-eq

+
+

x 1

x 1,88
+

= B SO2-eq

x 0,35

x 0,1

x 1

+
+

= C PO4-eq(Guinée et al., 2002)

Pasture

Crops

Land use



4th step: interpretation: comparing with other LCA 
studies

Swedish
Cederberg & 

Mattsson, 2000

German
Haas et al., 2001

NZ
This study

System boundary Cradle to gate Cradle to gate Cradle to gate

FU T ECM T milk + ha on-farm 
grassland

T ECM + ha of land 
use

Allocation rules 
milk/meat

Biological (85/15) None Biological (85/15)

Studied farms Experimental Commercial Average system

Production Conv., organic Conv. Int., conv. 
Ext., organic

Conventional

Impact 
categories

GWP, eutrophication, 
acidification, 

ecotoxicity, energy 
and land use

GWP, 
eutrophication, 

acidification, energy 
use

GWP, 
eutrophication, 

acidification, energy 
and land use



Comparative results…

Per kg of milkPer ha of land use



Contribution of the main processes of the 
NZ system to GWP and Energy use



Contribution of the main processes of the NZ system to 
eutrophication, acidification and land use



Contribution of main emissions to the 
impacts of the NZ conventional system



Areas of improvement for the current NZ 
average system?

Identification of hot-spots
• Improvement options (new technologies) should be focused on 

improving the system soil/pasture/cow
• And particularly on reducing N2O, CH4, NO3 and NH3

Research needs
• Uncertainty analysis
• Quantifying and reducing the main sources of uncertainty: 

• Estimates for the main emissions (N2O, CH4, NO3 and NH3)
• Relevant characterisation models for regional impact categories in the 

NZ context



Life cycle assessment of conventional and 
organic milk

production in the Netherlands
M.A. Thomassen et al. / Agricultural Systems 96 (2008) 95–107















N fertilizer use in winter
wheat production systems

F. Brentrup et al. / Europ. J. Agronomy 20 (2004) 265–279

A theoretical system based around the long
established Broadbalk field experiment at Rothamsted
(UK), complying with best management practices (BMP)



The Broadbalk wheat 
experiment

• The oldest continuously running field experiment in the world 
having been set up by John Bennet Lawes in 1843.

• compares the effects of different fertilizer treatments on the 
yield of winter   wheat. 

• In 1978, a five-course rotation was introduced (fallow, potatoes, 3 
x winter wheat), which was modified in 1997 (winter oats, forage 
maize, 3 x winter wheat). 

• In this LCA study, the average yield response of the 1st wheat in 
a rotation to increasing N fertilizer rates in the years 1996–2000 
has been chosen to determine the productivity of the different 
N application rates.





N fertilizer rates, average yields and nutrient removals for the 
wheat plots selected for the study

Only N rates, yields and nutrient content of grain and straw were directly taken 
from the Broadbalk field experiment.
The annual application of phosphate (P), potash (K) and magnesium (Mg) 
fertilizer is assumed, for the purposes of this study, to be according to crop 
removal (i.e. grain and straw) (Table 2).



Yield response of winter wheat to increasing N fertilizer rates 
(average for 1st wheat in rotation in 1996–2000).







Release of CO2- and N emissions per ton of grain at increasing N fertilizer rates











Contribution of wheat production at increasing N fertilizer rates to environmental 
effects per person in Europe







From this LCA case study, it can be concluded 
that a good environmental performance in wheat 
production can be achieved by:

1) Maintaining optimum yields, in order to use land most 
efficiently.
2) Applying nitrogen according to crop demand, in order 
to minimize NO3 leaching.
3) Using nitrogen fertilizers with low NH3 volatilization 
rates (e.g. AN), in order to keep acidification and 
terrestrial eutrophication low.
4) Reducing N2O emissions during nitrate fertilizer 
production (scrubbing techniques), in order to reduce the 
GWP.


